Abstract: The insertion loss due to the resilient mounting of an engine depends on stiffness of mounts, mobility of foundation as well as transfer nobilities between foundation and receiving structural element. Methods for predicting the effects of resilient mounts are discussed.
The reacting forces from the foundation influence the velocity of an engine. However the influence of these forces on the vibration level of an engine is small. Results of full scale measurements on ships indicate that a Diesel engine can be considered as a constant velocity source, i.e. the velocity of the engine itself is, as a first approximation, independent of the reaction of the foundation. The reason is that typical engine foundations are fairly weak.
The most efficient way to reduce the energy flow from an engine to the supporting structure is to use resilient mounts. The energy flow from source to foundation and from there to some receiving structural element depends on the dynamic and geometric properties of source, mounts, supporting and adjoining structures. The point and transfer mobility concepts can, according to ref. 1, be used to describe coupling effects and energy flow from the source to the receiving structure as long as; i) coupled systems are linear systems; ii) one dominating transmission path through each mount; iii) the wave number K for flexural waves in plates or beams connected to supports satisfies the condition~h <1, where h is the characteristic thickness of the structure; iv) the characteristic dimension a of the contact surface and the wave number Kfor flexural waves in supporting structure satisfy the condition~a<<l.
The accuracy of the mobility procedure depends on how well the conditions listed can be satisfied as discussed in ref. 1. In general the energy flow from a source to its supporting structure is predominantly caused by the one dimensional often vertical motion of the source. The second most important transmission mechanism is typically induced by the horizontal motion of the source. In this case the energy transfer is primarily caused by shear in the resilient mounts. Although the motion of a source in the vertical and horizontal directions can be of the same magnitude, the nobilities perpendicular and tangential to a standard foundation can be quite different. The mobility perpendicular to the foundation being the higher. A consequence of this is that the transmission path perpendicular to the foundation in general dominates. The energy flow through a mount aIso depends on the stiffness of the mount in directions others than the axial. The tangential and axial stiffness of mounts can vary considerably.
in the low frequency region the insertion loss, IL in dB, due to a resilient mount can, with respect to the input power to the foundation, be written as Although approximate and valid in the low frequency range only, the result clearly demonstrates the relative importance of the nobilities for source Y,, mount Y~and foundation Yf. For obtaining a high insertion loss, the effective mobility of the mount should be much larger than the sum of the nobilities of source and foundation. If on the other hand the foundation is very week, i.e. the mobility Yf of the foundation is very high, the resulting insertion loss is small. The stiffness of a typical rubber element tends to increase with frequency. In general the opposite is the case for typical engine foundations on ships. Thus Y~tends to be small and Yf large, often resulting in a poor insertion loss in the mid and high frequency regions.
In ref. 2 a waveguide model is introduced for the calculation of the axial dynamic stiffness for cylindrical vibration isolators. A mode matching technique is used to satisfy boundary conditions. For typical mounts the number of modes required for the solution to converge is of the order 100. Standard models used for estimating the stiffness of a mount are found to give very poor results as compared to measurements. The geometry and general construction of resilient elements can often be fairly complicated. Mounts for heavy equipment are, to ensure stability, frequently mounted at a certain angle with respect to a vertical through the mount. A straight forward calculation of the elasticity of mounts can not be carried out even if material parameters and geometries can be well specified. Numerical methods like FEM are best suited for this type of calculation. A FEM prediction can in general be made up to sufficiently high frequency limits to include the first few resonances in the spring.
.4n alternative to numerical calculations is to make direct measurements of the dynamical properties of the mount. However, a certain number of practical difficulties must be solved to make these measurements. Some of these problems are discussed in ref. 2 . The measurements must be carried out in a test rig especially designed for this particular purpose. A mount used for the installation of Diesel engines on ships consists of two rubber elements mounted at an angle of 450 with respect to the horizontal plane. This type of mount is mainly exposed to shear and compression. The stiffness of the mount varies dramatically in the audio frequency range. From 270 Hz to 420 Hz the stiffness of the mount, is increased by a factor 60. For real resilient mounts there is no such thing as a spring constant! The acoustic power induced in a structure by a harmonic force is proportional to the point n]obility at the excitation point. The point mobility of a light weight foundation, typical for a fast passenger catamaran, can vary as much as 30 to 50 dB between "stiff" and "weak" points on the same foundation. However the response of a structural element like a deck structure on a ship also depends on its transfer mobility with respect to the source element or foundation. The point mobility tends to be a very poor indicator of the energy flow to structural elements coupled to the foundation. The reduction of the energy transfer to an element like a deck pIate is in eneral much less than the reduction of the point f mobility due to for example the rein orcement or stiffening of the foundation.
